·Originally there were six SI units. The mole is now recommended as the basic unit for amount of substance by all international authorities and merely awaits ratification by the General Conference on Weights and Measures (CGPM). 23
All scientific organisations in Britain are now being encouraged to adopt the metric system of units known as SI units (Systeme International d'Unites), Following the recommendations of the Royal Society (1969) , many scientific journals are beginning to use these and they are also being taught in schools and used in examinations. This transition to new units appears to be occurring more rapidly in the basic sciences than in medicine, where since a wide variety of persons and disciplines is involved it is especially difficult to obtain understanding and agreement. Furthermore, clinicians tend to attach more importance to the numerical value of a measurement than to its unit and are thus reluctant to learn a new set of numbers.
The Section of Clinical Chemistry of the International Union of Pure and Applied Chemistry (IUPAC) has made recommendations on the units to be used in clinical chemistry (Dybkaer and Jorgensen, 1967) , and these have been officially adopted by the International Federation of Clinical Chemistry (IFCC), to which 25 national associations belong. Many of these units are already in use and others could be applied without difficulty. However, there remain some that are poorly understood by potential users and their application would result in changes in the numercial values of laboratory reports which, at present, could mislead readers.
Thi~article outlines the reasons for changing to SI units and describes the principles on which !hese are based. Two specific units, of particular Importance in clinical biochemistry are described in more detail and some problems id applying them are discussed. 
THE PROBLEM
Most scientific measurements are based on the metric system and over the years conventions have developed on the units used for specific measurements. A wide range of empirical units is, for example, used to record pressure measurements ( Table 1) . Each user may be familiar with one or more of these and prefer it to others, but difficulties arise in communicating with other scientists working in different units, or when conventions are mixed. It is clear that there would be advantages in adopting a single fundamental unit of pressure, which with the SI system is the newton per square metre.
A similar confusion exists with units of concentration, where many different symbols, spellings and abbreviations, are used. Various conventions are applied, so that a serum calcium concentration may be reported as 10 mg/loo ml, 5 m-equiv/I or 2.5 mmoI/I. The concentration of creatinine in serum is commonly reported in mg/loo ml, but that in urine in gIl. Consequently arithmetical errors occur in calculation of clearance rates and in transposing from one unit to another. This situation can only be resolved by adopting a clearly defined and logical set of units which is universally accepted throughout science.
SI UNITS
The seven basic SI units are listed in Table 2 . Each has an internationally accepted definition and symbol. The system is 'coherent' in that it is based on a set of 'basic units' from which 'derived units' are ob~ained by multiplication without introducing numencal factors. A complete range of units for all measurements is obtained by appropriate combination of units. For instance, the (basic) SI unit of length is the metre, so the (derived) unit of area is the square metre (rn''), Special names have been adopted for some of the more complex derived units. Thus the unit of force is the newton (N = kg m/s B ) and since pressure is force per unit area, its unit is N/~B. A detailed list of 81 units, together with definitions and conversion factors, is given by BSI (1969) and Anderton and Bigg (1969) . It should be noted that the name of the unit is never written with a capital letter (ex~ept at the beginning of a sentence), although Its symbol may be a capital if the unit is a proper name. The symbol is never followed by a full stop (except at the end of a sentence).
The prefixes used to form decimal multiples and sub-multiples of SI units are listed in Table 3 an~these should be used in preference to any others:
It IS recommended (BSI, 1969) that only one prefix be .used in forming multiples of units. Thus IO-B g is w~tten a~ng, not.mf'g, and 10-8 g recorded as 10f'g. With denved units (except kg), it is preferable to attach the prefix to the unit in the numerator only so that the denominator remains constant· this thel imits the range of units required and avoids duplicating those which are in fact identical (e.g, mg/mI and gIl).
SI units have internationally accepted definitions which need not be repeated when they are used: Although these units are preferred or recommended it will be impractical to limit usage to them, particularly in everyday life. Other units will continue to be used, but it would be wise to define them when this is done and not assume that all readers automatically understand them (McGlashan, 1970) .
The SI unit of length is the metre and the coherent unit of volume is therefore the cubic metre. Although it is customary in human biology to express length in terms of the metre and area in square metres, the cubic metre is less familiar and regarded by some as too large for a basic unit of volume. However, size is relative and sometimes the mole or kilo gramme could equally well be considered too large. Sub-multiples of the cubic metre are more familiar. The cubic millimetre (mm" = 10-Bm8 ) is used by haematologists and the cubic centimetre (ern" = 10-Bm 3 ) is widely used in laboratory work, but the cubic decimetre (dm" = 10-8 m 8 ) requires further explanation.
Previously the litre was accepted as the unit of volume and defined as the volume of 1 kg pure air-free water at 4 DC and 760 mmHg pressure and was thus equal to 1.000028 dm", In 1964 CGPM redefined it as being exactly one cubic decimetre. In order to avoid ambiguity it is now recommended that the litre should not be used to express the results of precise measurements. It is envisaged that it will continue to be used for 'ordinary purposes' (Anderton and Bigg, 1969) , and it can be regarded as a colloquial term for the cubic decimetre. Dybkaer and Jorgensen (1967) listed the litre as an alternative to the cubic metre and it is retained by IUPAC as a permissible fundamental unit of volume. However, its symbol (I) is easily confused with the number one (1), and dm" may therefore be considered preferable. The usual prefixes for subunits of both the litre and cubic metre can be applied: 10 8 1 = 1 m 3 1 I = 1 dm" (or 10-3 m'') 1 ml = 1 ern" (or IO-B m") 1 f'l = 1 mm" (or 10-B m 8 ) 1 nl = 1 f'm 8 (or 10-11 m 8 ) 1 pl = 1 nm" (or 10-18 m 8 ) Although both the litre and the cubic metre will continue to be used, they should preferably not be mixed, and ultimately it is probable that the cubic metre will be used as the fundamental unit of volume because it is coherent.
A choice between the two must be made with derived units, such as mass concentration. The coherent SI unit is kg/rn' etc., but since IFCC is retaining the litre as the fundamental unit of volume, the fundamental unit of mass concentration is kg/I (Dybkaer and Jorgensen, 1967) .
lists the SI units for this quantity, together with some of the units and symbols currently used in clinical biochemistry. Most biochemical measurements are at present reported as g or mg per 100 ml. The denominator is not an SI unit of volume and will need replacing by the litre or cubic metre: 1 fLg/1OO mI 10 fLg/I 10 mg/m 3 1 mg/100 mI = 10 mg/l = 10 g/m B 1 g/l00 ml = 10 gil = 10 kg/mB
The numerical value of a result thus changes by a factor of 10 and since it will alter many familiar measurements, it will be difficult to put into practice until the agreement and understanding of users is assured.
Mole
The mole (symbol mol) is defined as the amount of substance which contains as many elementary units as there are carbon atoms in 0.012 kg of nco The elementary unit must be specified and may be an atom, molecule, ion, electron, etc. or a specified group of sub-particles. It is thus necessary to know the molecular or atomic weight of the particle concerned.
Most measurements in clinical biochemistry are reported as mass concentration (e.g. mg/100 rnl), considered above, or as equivalent concentration (e.g. m-equiv/l). The milli-equivalent appears to be unique to clinical biochemistry; it is without an 25 accepted precise definition and is not recognised by IUPAC. Medical practitioners admit confusion in its use, particularly with multivalent ions, and it is difficult or impossible to apply to organic ions. It was introduced as a unit of ionic concentration and its only virtue is that, when expressed as m-equiv/l, the sum of the concentrations of anions is equal to that of the cations. The system loses all value when the concentration of some ions is expressed in m-equiv/l (Na, K, CI and HCO.), others in mg/100 ml (Ca, P, Mg) and protein in g/l00 ml.
The equivalent will be replaced by the mole, which is an internationally recognised unit. For univalent ions this will leave the numerical value unaltered (Table 5 ). Conversion to molar concentration is made by dividing the mass concentration by the molecular or atomic weight, and this makes no assumptions of valency: e.g, Phosphorus = 3 mg/100 ml 3 =1i x 10 = 0.968 mrnol/l (or mol/ms) When the equivalent is abandoned there is no place for the symbol N for 'normal', meaning 1 equiv/l. Normal HCI then becomes Hel, 1 mol/l (or, better, 1 kmol/m"), and normal sulphuric acid becomes HaSO" 0.5 mol/l (or 0.5 kmol/rn"). The adjective 'molar' has the specific meaning of 'divided by amount of substance' (McGlashan, 1968) . A concentration of 'one molar' or 1 M is better expressed as 1 mol/l (or 1 kmoljrn") as the symbol M does not distinguish between mol/I (molar) and mol/kg (molal).
The mole, unlike the equivalent, is not restricted to electrovalent substances but can be extended to include the most complex organic compounds, and some examples of its use are given in Table 5 . It will facilitate the understanding of relationships between iron, haemoglobin, and oxygen concentrations, for example, which are difficult when expressed in terms of mass (or volume). The use of molar concentration provides an explanation of the relationship between molecules and is thus of fundamental importance to clinical biochemistry.
Four major problems must be faced before the mole can be universally applied for reporting results of laboratory analyses.
1. All users must accept an agreed list of atomic masses and molecular formulae.
2. There must be an agreed list of substances to which molar concentrations are applicable. For example, specific proteins, such as albumin, could be expressed in molar concentration when the molecular weight is defined, but varying mixtures usually could not. It would be inadvisable to express total serum protein concentration in kg/rna but albumin in mol/mi. Some lipids may be determined by hydrolysis and titration of the fatty acid and molar concentration can then be calculated directly without assuming the molecular weight. However, the same lipid may also be determined by extraction and weighing, and mass concentration would then be more appropriate. For some substances, therefore, two conventions will be inevitable until analytical methods are more uniform. 3. When concentration is expressed in molar terms, the nature of the molecule must be made clear. Haemoglobin, for example, has a molecular weight of approximately 64 000, but it is more convenient to express its molar concentration in terms of an elementary unit containing one iron ion. This has a molecular weight of 16115 and is denoted 'haemoglobin (Fe)' (Dybkaer and Jorgensen, 1967) . A serum P,B.I. value of 9 p.g/loo ml (or 0.709 mmol/m") refers to iodine, not protein. A serum total iron binding capacity of 400 p.g/loo ml (71.6 mmol/m") refers to iron, although the same substance, transferrin, can be measured immunochemically as protein.
4. Conventions should ensure that the same unit is used throughout the normal and pathological range. Thus a coproporphyrin concentration of 200 p.g/l is 306 p.mol/ms and a value of 2 000 p.g/l could be recorded as 3060 p.mol/m 8 or 3.06 mmol/rn 8 • Separate conventions may still be needed for different biological fluids-e.g. a plasma creatinine concentration of 1.0 mg/loo ml becomes 88 mmol/rns but a urine creatinine value of 1.0 gIl could be recorded as 8 800 mmol/m" or 8.8 mol/m".
EFFECTING THE CHANGE
All 81 units cannot be applied to medicine overnight or by decree. The introduction of some of those discussed here will involve a change in the numerical value of a laboratory report which, at present, would be poorly understood. This can only be met by a vigorous educational programme among clinical biochemists and clinicians to encourage them to think in terms of SI units, particularly in molar rather than mass concentration. New units will become accepted when they are familiar through their use in journals. However, each editorial board and each laboratory will decide when to change and some will make the transition before others. Dybkaer (1969) has suggested that it is better to make a complete change in one step, rather than a series of piecemeal changes. It is hoped that laboratories doing this will consider the full implications of the change before making it, as other disciplines may well be affected. It is also hoped that when new tests are introduced, authors will ensure that the units applied are those which will ultimately be adopted.
It is, however, important to realise that a change is inevitable and new units are presented not as legislature, but as goals for all scientific disciplines which will be internationally accepted and understood. A simple practical start can be made im-27 mediately in every laboratory by ensuring that the correct symbols are used for all units.
